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Abstract

Temperature trends for KwaZulu-Natal (KZN), South Africa, are investigated for the period 1930-2015, with the intention to test
whether interior regions (within ~ 100 km of the coast) are warming faster than coastal regions, given oceanic moderating effects
along the coast. This is achieved through analyzing instrumental temperature records from the coastal station of Mount
Edgecombe, and adjacent interior stations of Cedara and Emerald Dale. The modified Mann-Kendall test is used to determine
annual and seasonal mean temperature (7 ), maximum temperature (7nqy), and minimum temperature (T;,) trends for the period
19302015, and for the most recent few decades. For annual 7,4, a significant increasing trend (0.07 °C/decade) is recorded at
the coast, whereas adjacent interior stations record no trend. Annual 7,,,;, record significant warming at all stations, with warming
rates over the interior being double that recorded at the coast for the period 1930-2015. For seasonal T,,;, over the interior,
significant warming rates are recorded: 0.21 °C/decade (summer), 0.22 °C/decade (autumn), 0.20 °C/decade (winter), and
0.15 °C/decade (spring). Seasonal T,;,, warming over the coast were also significant: 0.16 °C/decade (summer), 0.08 °C/decade
(autumn), 0.06 °C/decade (winter), and 0.12 °C/decade (spring). Thus, higher lying interior regions are warming at considerably
greater magnitudes compared to adjacent coastal areas, mainly due to 7,,,;, warming trends. For the period 1930-2015, record
positive annual 7}, anomalies are reported for 2015 at Mount Edgecombe (mean anomaly = 1.6 °C), Cedara (mean anomaly =
1.7 °C), and Emerald Dale (mean anomaly =2.0 °C).
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1 Introduction Although coastal regions (located in close proximity to the

sea) only represent ~2% of global land area, these host ~

Globally, there has been much focus on recent decadal trends
in continental and sea surface temperatures (SSTs) (Santos
etal. 2012), yet relatively few studies have investigated trends
for the geographic boundary between these major global re-
gions (i.e., coastal and adjacent interior zones), with conse-
quent uncertainties remaining (Baumann and Doherty 2013).
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10% of the world’s population and ~ 13% of urban population
(McGranahan et al. 2007). Coastal zones are recognized as
vulnerable to global warming given their exposure to conse-
quent sea-level rise and increased storm surges (McGranahan
et al. 2007). To this end, establishing recent past climate-
thermal trends in coastal and adjacent higher lying interior
regions is important for associated adaptive planning and risk
preparedness.

Notably, some studies have measured mean annual cooling
trends during recent decades along several coastlines (e.g.,
some portions of the North and South American west coast;
cast coast of Canada), while higher elevation adjacent interior
regions recorded strongly diverging warming trends (e.g.,
Morgan et al. 1993; Falvey and Garreaud 2009; Lebassi
et al. 2009). In contrast, very strong warming is recorded
along the west coast of Greenland, particularly during the last
10-20 years, while weaker warming has occurred on the east
Greenland coast for the period 1881-2012 (Hanna et al.
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2012). Similarly, significant increasing annual mean tempera-
ture (T ) has been observed along the Mediterranean coast
(0.22-0.46 °C/decade) and at inland (0.27-0.42 °C/decade)
stations in Israel for the period 1970-2002 (Kafle and
Bruins 2009).

In the African context, the mean annual maximum temper-
ature (T,«) in Libya recorded increasing trends at five of its
nine coastal stations (0.18-0.21 °C/decade) and four of its six
inland stations (0.14-0.24 °C/decade) for the period 1945—
2009. For the same period, annual T increases were observed
at all (nine) coastal stations (0.13-0.29 °C/decade), and at all
six inland stations (0.03-0.43 °C/decade). Strong 7' seasonal
warming trends are recorded at inland stations (autumn
0.27 °C/decade, winter 0.14 °C/decade, spring 0.23 °C/de-
cade, and summer 0.30 °C/decade) and at the coast (autumn
0.25 °C/decade, winter 0.14 °C/decade, spring 0.17 °C/de-
cade, and summer 0.19 °C/decade) (Ageena et al. 2014).
This indicates greater warming rates for autumn, spring, and
summer over the interior compared to the coast. In southern
Africa, temperature trends for coastal and lake areas along the
Mozambique channel regions for the period 1939-1992 indi-
cate daytime warming and night time cooling trends, while the
northern part of eastern Africa inversely recorded nighttime
warming and daytime cooling during the same time (King'uyu
et al. 2000).

Although some work has focused on recent decadal tem-
perature changes in South Africa (e.g., Kruger and Shongwe
2004; MacKellar et al. 2014), there has not been a specific
focus investigating trends along coastal regions. The only ex-
ception is an earlier study (Jury 1998) which demonstrated
quasi-cyclical temperature trends for the period 1960-
1997 at four coastal stations (Port Shepstone, Durban,
Mount Edgecombe, and St Lucia) in KwaZulu-Natal (KZN).
Although Kruger and Shongwe (2004) established that sta-
tions with significant mean annual 7., positive trends are
mainly located in coastal regions, such findings have not been
directly contrasted with those for adjacent inland regions. In
addition, previous South African work establishing tempera-
ture trends has focused mainly on the last half century (e.g.,
Kruger and Shongwe 2004; MacKellar et al. 2014). However,
most recently, Lakhraj-Govender et al. (2017) emphasized the
importance of working from longer temporal records and
established significant increasing temperature trends over the
Western Cape Province for the period 1916-2013. While
Kruger and Nxumalo (2017) also recently established long-
term temperature trends for the period 1931-2015 across parts
of South Africa, the study used absolute homogenization pro-
cedures, which do not use a reference series for the adjustment
of the series. These methods typically decrease the homoge-
neity of data for monthly and annual means (Venema et al.
2012). Kruger and Nxumalo (2017) confirm somewhat dubi-
ous results following time series adjustments, with a large
number of inhomogeneities, which prior to homogenization
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produced strong trends. This demonstrates the risk of using
absolute homogenization. Therefore, our study uses relative
homogenization methods to produce high-quality datasets.
Homogenization testing techniques are used to identify artifi-
cial bias in time series as a result of nonclimatic factors such as
station relocation, instrumentation changes, and urbanization,
to name a few (Kenawy et al. 2013). Relative homogenization
methods create a reference series constructed from neighbor-
ing stations, which enables the detection of change points and
adjustment of the time series (Kenawy et al. 2013). Despite no
uniform global warming trend between coastal and adjacent
interior regions, as demonstrated above, it is hypothesized that
interior warming has been greater than that along the KZN
coast, given likely coastal moderating effects. Hence, to test
this hypothesis, the aim is to examine temperature trends for
KZN for the period 1930-2015, with a specific focus on com-
paring coastal and adjacent (within ~ 100 km) higher lying
interior regions.

2 Region and its climate

KZN is a province situated along the southeast coast of South
Africa. It has a varied topography with relatively flat coastal
plain in the east, rising gradually westward toward the so-called
midlands and more substantially ~200 km inland on reaching
the Drakensberg (Main Escarpment) (Fig. 1) (Eeley et al.
1999). KZN’s climate is strongly influenced by the Indian
Ocean, and particularly the warm Agulhas current (Reason
2001; Green et al. 2012), hence accounting for high humidity,
temperatures, and summer rainfall. Tropical temperate troughs,
east coast low-pressure systems, and southeast coast ridging
high-pressure systems dominate during austral summer and
spring (Tyson and Preston-Whyte 2000). The anticyclone belt
weakens and shifts southward, allowing the tropical easterly
flow to influence weather during summer. Near surface low-
pressure systems dominate during summer, when moisture
from the tropics is transported to the region (Landman et al.
2009). During winter, moisture from the tropics is reduced by
the northward migration of the Intertropical Convergence Zone
(ITCZ) and the intensification of the anticyclonic circulation,
hence limiting precipitation. However, perturbations in the
westerly circulation, in the form of anticyclones, as well as
ridging high-pressure systems behind cold fronts, dominate
during winter (Tyson and Preston-Whyte 2000).

3 Data sources

In an attempt to avoid latitudinal climatic influence, this study
only focuses on stations located within a narrow latitudinal
band (29.5-29.9S) in KZN. This is achieved through an anal-
ysis of instrumental temperature records available for the
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Fig. 1 Map showing KwaZulu-
Natal stations (black solid dots),
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coastal station of Mount Edgecombe, and inland stations of  automatic station on 1 October 1992 and Cedara was convert-

Cedara and Emerald Dale (Fig. 1). Raw daily T and T, ed to an automatic station on the 1 September 2005. However,

values for various KZN stations were selected based on avail-  no change points were detected at these stations for the afore-

able long-term temperature data and quality/completeness of ~ mentioned dates (Appendix Table A).

the dataset. Daily Ti,.x and Ty, for the stations (i.e., Cedara,

Emerald Dale, and Mount Edgecombe) were obtained elec-

tronically from the South African Weather Service (SAWS)

(Table 1). Mean monthly 7., and 7;,,;,, data for Cedara (1957) 4 Methodology

and Mt. Edgecombe (September 1947-December 1947,

1959) were digitized from the Department of Transport  Daily temperature data were quality controlled with

Meteorological Data Reports, sourced from the NOAA  RClimDex to identify manual keying errors and check for

Central Library (2013). coherency between maximum and minimum values. Outliers
Department of Transport Meteorological Data Reports in-  were identified using the ProClimDB interquartile range. The

dicate that the Cedara station relocated on 4 November 1969  standard normal homogeneity test (SNHT) and bivariate tests

(by 274.3 m horizontally and losing 9 m altitudinally) and the ~ (in AnClim software) were employed to detect artificial biases

Emerald Dale station became a third-order station (i.e., re- or inhomogeneities in the time series. ProClimDB software

cords only Tp.x and T, at 08:00) on 1 August 1969 was used to create the reference series and adjust the time

(NOAA Central Library 2013). According to station history  series (Stépanek et al. 2011). The homogenization procedure

reports, the Mount Edgecombe station changed to an  is more extensively detailed in Lakhraj-Govender et al. (2017)
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Table 1 KwaZulu-Natal station details with start/end dates for temperature recording

Station name Latitude (deg. S) Longitude (deg. E) Altitude (m a.s.l.) Dist. from the coast (km) Start date End date
Cedara —29.54° 30.27° 1071 83.3 1930/01/01 2015/12/31
Mount Edgecombe —29.70° 31.05° 103 5.6 1930/01/01 2015/12/31
Emerald Dale —29.94° 29.96° 1189 86.5 1930/01/01 2015/12/31

and Appendix A. Notably, T, Tyax, and T,,;,, time series were
separately adjusted for detected inhomogeneities. For the pe-
riod 1930-2015, monthly T, T, and T,,;, anomalies were
calculated, relative to the 1961-1990 mean. Seasonal means
are defined as austral summer (December, January, and
February), autumn (March, April, and May), winter (June,
July, and August), and spring (September, October, and
November). The modified Mann-Kendall (MK) test was used
to identify possible annual and seasonal T, Tpax, and Tomin
trends at Mount Edgecombe, Cedara, and Emerald Dale for
the full period (1930-2015), as well as the most recent 3 1-year
(1985-2015) period. To remove serial autocorrelation expect-
ed in the data, the modified version of the MK test was used
(Yue and Wang 2004). The MK test statistic (S) is initially
assumed to be 0 (i.e., no trend). S increases (decreases) by 1
if a later datum is higher (lower) than the datum from the
earlier time. The net result of increases and decreases, yields
the final S value (Shahid et al. 2012) which indicates the
magnitude of temperature trends, while the sign denotes
whether the trend is increasing or decreasing. Statistical sig-
nificance of the trend is based on the MK Z test statistic,
calculated from the variance of S. Positive Z values indicate
increasing trends while negative values are decreasing trends
(Gocic and Trajkovic 2013). At the 5% significance level, if
Z>1.96 or Z<—1.96, the trend is significant.

Magnitudes of the trends were determined using Sen’s
nonparametric slope estimator (Q) (Sen 1968). If the prob-
ability (p value) is less than the chosen significance level
(a=0.05), then the null hypothesis (H, i.¢., no trend in the
series) must be rejected and the alternative hypothesis (Ha,
i.e., there is a trend) accepted (XLStat 2015). The slope is
statistically different from zero for the selected confidence
interval (95%) if the upper (Omax) and lower (Qpin) limits
have similar signs (Gocic and Trajkovic 2013). AnClim
software (Stépanek 2008) was used to produce a 10-year
Gaussian low-pass filter, which smoothens annual average
temperature and exhibits decadal temperature variability.
This low-pass filtering does not apply to all subsequent
results. Trends are not based on low-pass filtered data;
hence, the significance of the total trend results is not af-
fected. Data were discarded for the period 2004-2006 at
Mount Edgecombe, because the quality control in
RClimDex software flagged unusual daily values during
these years. The software also detected instances where
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Tmax Was equal to Tp,;, and was thus deemed unsuitable
for use. The software employs a user-defined standard de-
viation of 4.

5 Results
5.1 Temperature trends for the period 1930-2015

For the period 19302015, annual 7 marginally increases at
Mount Edgecombe (0.07 °C/decade) and Cedara (0.08 °C/de-
cade), while no trend is recorded for Emerald Dale. Although
the S value for Emerald Dale increases and Q is 0.03, the trend
cannot be regarded as increasing because the p value is greater
than 0.05 and the Z value is less than 1.96. Annual Ty,
slightly increases at Mount Edgecombe (0.07 °C/decade)
while inland stations record no trend at Cedara and at
Emerald Dale. Highly significant annual 7},,;, warming rates
occur at inland stations (i.e., Cedara=0.24 °C/decade;
Emerald Dale =0.15 °C/decade), while that for the coastal
station of Mount Edgecombe is somewhat lower (0.10 °C/
decade) (Table 2).

For the period 1930-2015, T record significant increasing
trends during all seasons at Mount Edgecombe. No trend is
observed at Emerald Dale and Cedara during winter, while
significant increasing trends are recorded for summer at
Cedara (0.14 °C/decade) and Emerald Dale (0.09 °C/decade).
Tmax record significant warming during autumn and winter
(0.09 °C/decade and 0.1 °C/decade, respectively) at Mount
Edgecombe and decreasing trends during all seasons at
Emerald Dale, but significant during only spring. At Cedara,
Tmax also records a significant decreasing trend (—0.08 °C/
decade) during spring, while the remaining seasons record
warming trends. For the period 1930-2015, T},,;, record sig-
nificant warming trends (0.05-0.34 °C/decade) during all sea-
sons at all three stations, with greatest warming during autumn
(0.26 °C/decade) and winter (0.34 °C/decade) at Cedara
(Table 2).

5.2 Temperature trends for the period 1985-2015
Temperature trends for the most recent decades (~30 years)

are often determined for comparison with those for previous
periods (e.g., Rebetez and Reinhard 2008; Sonali and Kumar
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Table 2

Annual and seasonal T, T}, and 7,,,;,, Mann Kendall statistics and Sen's slope estimate (Q) (°C/decade) at KZN stations. Seasonal definitions
used: summer = DJF, autumn = MAM, winter = JJA and spring = SON

T Tax Tonin
N 0 VA p-value N 0 VA p-value N 0 VA p-value
Annual
1930-2015
Mount Edgecombe 1141 0.09 3.7 0.003 658 0.07 2.1 0.040 754 0.10 6.2 0.10
Cedara 1467 0.13 7.9 <0.0001 98 0.01 0.4 0.683 2483 0.24 19.8 0.24
Emerald Dale 341 0.03 1.1 0.396 -446 -0.08 -14 0.166 1690 0.15 17.7 0.15
1985-2015
Mount Edgecombe 154 0.20 5.7 <0.0001 152 0.32 8.0 < 0.0001 84 0.14 25 0.011
Cedara 135 0.23 6.2 0.000 123 0.32 54 <0.0001 143 0.19 5.1 < 0.0001
Emerald Dale 129 0.30 44 <0.0001 117 0.40 3.1 0.002 109 0.21 39 < 0.0001
Seasonal
Mount Edgecombe
Summer 1271 0.14 6.1 < 0.0001 759 0.1 3.1 0.02 1449 0.16 9.7 < 0.0001
Autumn 836 0.09 3.7 0.000 695 0.09 24 0.02 634 0.08 53 < 0.0001
Winter 671 0.09 25 0.01 583 0.10 23 0.02 583 0.06 23 <0.0001
Spring 783 0.08 3.1 < 0.0001 240 0.03 1.0 0.34 1283 0.12 7.7 < 0.0001
Emerald Dale
Summer 661 0.07 2.9 <0.0001 -423 -0.08 -14 0.17 1844 0.22 12.7 < 0.0001
Autumn 499 0.07 2.3 0.45 -338 -0.08 -1.1 0.27 1436 0.17 10.0 < 0.0001
Winter 197 0.02 0.9 0.8 -160 -0.03 -0.7 0.47 601 0.05 3.8 0.000
Spring -352 0.02 -0.6 0.006 -630 -0.15 22 0.03 998 0.12 125 < 0.0001
Cedara
Summer 1242 0.12 8.8 <0.0001 336 0.04 2.1 0.03 1967 0.19 22.9 <0.0001
Autumn 1273 0.14 9.3 <0.0001 212 0.03 12 0.23 1882 0.26 16.5 <0.0001
Winter 1658 0.22 18.9 0.5 603 0.09 4.6 < 0.0001 2171 0.34 20.0 < 0.0001
Spring 369 0.04 1.9 0.12 -488 -0.08 2.2 0.03 1610 0.17 18.6 < 0.0001

Mann Kendall test statistic (S) = the strength of the temperature trend; sign indicates increasing or decreasing trend. Z test statistic = statistical significance
of the trend, calculated from the variance of S. If Z >Z;_,», at the chosen level of significance o = 0.05%, where Z greater than 1.96, the trend is
significant (bold) (Gocic and Trajkovic 2013). When the p value is lower than the chosen significance level, « = 0.05, the null hypothesis (no trend in the

series) is rejected and the alternative hypothesis (there is a trend) is accepted (XLStat 2015)

2013; Ageena et al. 2014). For the period 1985-2015, annual
T significantly increases by 0.20 °C/decade at Mount
Edgecombe, 0.23 °C/decade at Cedara, and 0.30 °C/decade
at Emerald Dale. This is largely owing to significant increases
in annual T, at all stations: by 0.32 °C/decade at Mount
Edgecombe, 0.32 °C/decade at Cedara, and 0.40 °C/decade
at Emerald Dale. Over the same period, annual 7},;, at Mount
Edgecombe significantly increased by 0.14 °C/decade, and at
inland stations significantly warmed by 0.19 °C/decade at
Cedara and 0.21 °C/decade at Emerald Dale (Table 2).

5.3 Decadal temperature variability

A 10-year Gaussian filter was applied to the annual tempera-
ture, to establish whether decadal variability was different/
similar at coastal and adjacent interior stations. For T at

Mount Edgecombe, the low-pass filter records cooler periods
between 1930 and 1990, but subsequently, positive anomalies
(from the 1961-1990 mean) have been recorded. At inland
stations, Cedara records mostly negative temperature anoma-
lies for the period 1960-1981, and above mean conditions
since 1981 (with few exceptions; Fig. 2). The 10-year low-
pass filter for 7;,,, indicates broadly warmer times between
1930 and 1963, cooler (below mean) conditions between 1964
and 1975, and a warming trend since 1977 at Mount
Edgecombe. A broadly warmer period between 1930 and
1962 is observed at Cedara, followed by below mean condi-
tions until 1981, and thereafter oscillates above average until
the end of the record. At Emerald Dale, above mean condi-
tions prevail between 1930 and 1950, with a cooler period
until 1982. The most recent decades show smaller T, oscil-
lations for inland stations, with short cooler (below mean)
periods between 1987-1991 and 1995-1998. Notably, such
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cooler episodes are not as prominent at Mount Edgecombe
(Fig. 2). While coastal T}, values remained above the long-
term mean since ~ 1977, this has been delayed at adjacent
inland sites by ~21 (Cedara) to 33 years (at Emerald Dale).

The Gaussian filters for 7,,,;, indicate a broadly cooler pe-
riod from 1930-1984 at Mount Edgecombe, 1930-1981 at
Cedara, and 1930-1973 at Emerald Dale. Thereafter, positive
anomalies are recorded at Cedara (1982—-2015) and at Emerald
Dale (1974-2015). Mount Edgecombe experiences short pe-
riods of above (1985-1988) and below (1989—-1997) mean
anomalies, a warmer period from 1999 to 2012, and slight
cooling towards the end of the record (Fig. 2).

6 Discussion

The Northern and Southern Hemispheres experienced
warming trends from ~ 1910 to the mid-1940s, followed
by cooler/variable temperatures between 1940 and mid-
1970s, and thereafter rapid (Northern Hemisphere) and
gradual (Southern Hemisphere) warming (Jones et al.
1986, 2016). For southern Africa, Kruger and Shongwe
(2004) report that mean annual temperatures start increas-
ing during the early 1980s. While the current study records
the start of 7 warming at a similar time over the interior

a Mt Edgecombe T

Temperature anomalies (°C)

d CedaraT

Temperature anomalies (°C)

h Emerald Dale T
05

0
05

1930 1940 1950 1960 1970 1980 1990 2000 2010

Temperature anomalies (°C)

1930 1940 1950

b Mount Edgecombe T,

e Cedara T,

h Emerald Dale 7,

1960 1970 1980 1990 2000 2010 1930 1940 1950 1960 1970 1980

(1981 at Cedara), warming at the coast was delayed by a
decade (1991 at Mount Edgecombe).

Several studies report coastal cooling and strong interior
warming over North and South America (Morgan et al.
1993; Falvey and Garreaud 2009; Lebassi et al. 2009).
Lebassi et al. (2009) suggest coastal cooling may be due to
greenhouse gas induced global warming over the interior
which results in increased sea breeze flow, thus overwhelming
warming along the coast. Elsewhere, such as along the
Canadian east coast and Mediterranean south coast, coastal
warming has generally been slower than over the adjacent
interior (Kafle and Bruins 2009; Tyler et al. 2015). For the
observed data, the current study finds only a marginally great-
er magnitude of warming (by 0.01 °C) over parts of the KZN
interior compared to the coast during the past 85 years.
However, more noteworthy is that annual 7., and T;,;, have
increased at greater magnitudes (by 0.04 °C/decade and
0.06 °C/decade, respectively) over the interior compared to
the coast during the most recent 31 years, suggesting that
spatial contrasts in the rate of climate warming have increased
during the most recent decades. Previous studies have sug-
gested that coastal cooling may result from increased coastal
upwelling, cloud cover, or sea breezes (Lebassi et al. 2009).
Smaller magnitudes of warming along coastal KZN may pos-
sibly be due to the moderating influence of the Agulhas cur-
rent (Tyson and Preston-Whyte 2000).

¢ Mount Edgecombe T, ;,

gt W/ M«

f CedaraT,,,

T

i Emerald Dale T,

1990 2000 2010

Fig.2 Annual T, Ty, and Ty, anomalies, with respect to the long term mean (1961-1990) for KZN stations, with the low pass filter (black solid line)
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The Agulhas current influences coastal weather and cli-
mate and creates coastal upwelling. Coastal upwelling occurs
when along-shore winds force offshore transport of surface
water, leading to a rise of cooler and nutrient rich water.
Along the continental slope of Durban, coastal upwelling
brings cold water from depths of 400 m (Goschen et al.
2015). Large solitary meanders of the Agulhas current
(30-300 km; referred to as “Natal Pulses™), occurring 0—
6 times per annum, develop off KwaZulu-Natal and sub-
stantially influence the structure of the coastal ocean in this
region (Goschen et al. 2015). Natal Pulses are associated
with a cold-water core and a cyclonic circulation inshore of
the current. In addition, Natal Pulses strongly influence
coastal and shelf regions where they drive localized up-
welling (Rouault and Penven 2011). According to
Rouault and Penven (2011), the size and frequency of
Natal Pulses increased over the period June 2004 to
October 2010. Although no further details are available
on Natal Pulses since 2010, it is possible that the continued
size and frequency of such pulses has contributed towards
lowering potential warming rates along the coast. Further
research on the strength and frequency of Natal Pulses
would, however, be required to confirm this.

Sea surface temperatures (SSTs) in upwelling areas are
sensitive indicators of changes in upwelling intensity and pre-
vailing winds (McGregor et al. 2007). Although SSTs signif-
icantly increased (0.7 °C/decade) in the Agulhas Current over
the period 19802006, owing to an increased wind stress curl
in the South Indian Ocean (Rouault et al. 2009), a more recent
study of global-scale SSTs reports relatively stable seasonal
warming off the southeast coast of South Africa (Lima and
Wethey 2012). To this end, further investigations are required
to determine recent (last few decades) SST trends along the
KZN coastline, before any linkages can be made to coastal air
temperatures.

The oscillatory temperature characteristics of the current
study, denoted by the Gaussian low-pass filter, indicate above
average T, for the period 1930-1962/1963 at the coast and
at one inland station (Cedara), with transition to below aver-
age conditions occurring much sooner (1952) at Emerald Dale
(Fig. 2). The inconsistency between stations clearly indicates
that periods of cooler and warmer conditions are controlled by
the geography of place, which may differ considerably over
relatively short spatial scales. Such inconsistencies are also
noted in the seasonal trends at all stations, for the period
1930-2015. Similarly, Kruger and Shongwe (2004) recorded
locational and seasonal variations in South African tempera-
ture trends for the period 1960-2003. A previous study report-
ed increasing annual T, Tpnay, and Ty, trends at coastal and
adjacent interior stations in KZN for the period 1960-2003,
with the exception of decreasing 7' and T}y, trends at Emerald
Dale (Kruger and Shongwe 2004). T, Tpax and T record
increasing trends during all seasons at the coast. However,

over the interior of KZN, variable seasonal trends are recorded
between stations, with no T trends during winter and decreas-
ing Tpnax trends during spring. For seasonal 7},,;, over the in-
terior, significant warming rates are recorded: 0.21 °C/decade
(summer), 0.22 °C/decade (autumn), 0.20 °C/decade (winter),
and 0.15 °C/decade (spring). Seasonal T},,;, warming over the
coast were also significant: 0.16 °C/decade (summer),
0.08 °C/decade (autumn), 0.06 °C/decade (winter), and
0.12 °C/decade (spring). Increasing magnitudes of warming
rates with time have been reported for the most recent decades
over both hemispheres (Rebetez and Reinhard 2008).
Similarly, this study also records an increased magnitude of
warming trends for the most recent decades compared to pre-
vious periods over KZN, South Africa.

Finally, high positive T},.x anomalies are noted at Cedara
for the years 1985 (mean anomaly =1.0 °C), 1992 (mean
anomaly = 1.3 °C), 1999 (mean anomaly = 1.5 °C), and
2015 (mean anomaly = 1.7 °C), coincidently at 7-year inter-
vals for the first two periods and at 8-year intervals for the
following two periods. The highest recorded annual 7},.y
anomalies at Mount Edgecombe (mean anomaly = 1.6 °C),
Cedara (mean anomaly =1.7 °C), and Emerald Dale (mean
anomaly =2 °C) also reflect amplified warming/anomalies
over the interior compared to the coast.

7 Conclusion

This paper establishes differences in rates of warming be-
tween coastal and adjacent (within ~ 100 km) higher lying
interior regions of KZN for the period 1930-2015. The
most notable finding is the considerable recent increase
in magnitude of annual and seasonal warming at relatively
high lying interior regions, compared to the adjacent coast-
al areas over the last 31 years in particular. Slower rates of
warming along the coast may be owing to oceanic moder-
ating effects, such as those associated with the Agulhas
current (e.g., Natal Pulses), but these require further inves-
tigation. The complexities of synergistically operating cli-
mate mechanisms (i.e., anthropogenically induced CO,
warming or ENSO), and the interaction of these factors
and how they collectively influence each another (and ul-
timately the spatio-temporal differences in regional
warming), requires further research to be better under-
stood. Nonetheless, it seems that climate warming trends
over relatively small subregional scales may continue at
disproportionate rates in some global regions, such as
coastal and adjacent hinterland regions, especially where
these patterns of warming might reinforce or alter local
airflow dynamics. Determining the nature of temperature
trends at a fine scale is thus important for appropriate site-
specific future preparedness and planning.
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